Introduction
There is strong evidence to support the idea that the reninangiotensin system (RAS) plays an important role in the pathogenesis of essential hypertension (EH) and its compliflicting evidence of an association between the ACE I/D polymorphism and EH. Recently, three large populationbased studies (2) (3) (4) have shown a linkage between the ACE locus and hypertension, and an association and genetic linkage between ACE I/D polymorphism and hypertension. This suggests that the disagreement among the earlier studies may have been due to differences in the size, ethnicity, or environmental exposure status of the cohorts.
In the present study, we sought to determine whether the I/D polymorphism of the ACE gene was associated with hypertension in a population in the Lhasa area of Tibet.
Methods

Subjects
The present study was based on the results of a door-to-door cross-section study performed from 1997 to 1998 in stable residential communities in the urban district of Lhasa, the capital of the Tibet autonomous region, China. All enrolled subjects were permanent Tibetan residents of Lhasa without a history of intermarriage with other ethnic groups in their family trees. Subjects were classified as having essential hypertension if they met the following criteria: 1) systolic blood pressures 140 mmHg and/or diastolic blood pressures 90 mmHg on at least two separate occasions; 2) age of onset less than 65 years; and 3) no prior or current use of antihypertensive agents. Patients with secondary forms of hypertension were excluded. Subjects meeting the following criteria were classified as normotensive: 1) systolic blood pressures 140 mmHg and diastolic blood pressures 90 mmHg on at least two separate occasions; 2) no family history of hypertension; and 3) no current or prior use of antihypertensive agents. Normotensive subjects were matched with the hypertensive subjects for age and sex. Basic clinical characteristics including age, body mass index (BMI), total cholesterol (TC), triglycerides (TG) and HDL-C were also obtained at study entry.
Determination of Genotype
Genomic DNA was extracted from peripheral blood leukocytes by phenol/chloroform extraction. PCR was performed to determine I/D polymorphism of the ACE gene using the method described by Tiret et al. (5) . The sequence of the sense primer and the antisense primer were 5 -CTGGAGAC CACTCCCATCCTTTCT-3 , 5 -GATGTGGCCATCACA TTCGTCAGAT-3, respectively. The DD genotype was reconfirmed by insertion allele-specific amplification according to Shanmugan's protocol (6) .
Statistical Analysis
Values are expressed as the mean SD, and allele frequencies were derived from genotype frequencies. The difference in allele frequencies between groups was tested by χ 2 test. Blood pressure was compared using one way analysis of variance. Values of p 0.05 were considered to indicate statistical significance.
Results
A total of 103 hypertensive and 123 normotensive subjects met the entry criteria described above. The descriptive characteristics of participants are presented in Table 1 . There were no significant differences in age or sex between the hypertensive and normotensive groups. The body mass index, systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), TC, TG and HDL cholesterol were significantly higher in the hypertensive group.
The ACE genotype distribution and derived allele frequency are shown in Table 2 . Frequencies for the DD, ID and II genotypes were 27, 47 and 29 in hypertensive subjects, and 15, 60 and 48 in normotensive subjects, respectively. Derived allele frequencies for the I and D alleles were 0.51 and 0.49 in hypertensive subjects and 0.64 and 0.36 in normotensive subjects. There was a significant difference in both genotype distribution and derived allele frequency between these two groups. After being stratified by sex, the derived allele frequencies for the I and D alleles were 0.48 and 0.52 in hypertensive and 0.67 and 0.33 in normotensive females (Table 3 ). There was a significant difference in both genotype distribution and derived allele frequency between these two groups. In males, there were no significant differences in genotype distribution or derived allele frequency between the two groups ( Table 4) . The age-and BMI-adjusted results of the comparison of blood pressure levels across ACE genotype showed that there was a trend of increase in SBP, DBP and MAP with increasing number of D alleles (Table 5 ), but these differences were not statistically significant. In females, the DBP and MAP levels were significantly higher for the DD than for the ID and II genotypes, and SBP was significantly higher for the DD than for the II genotype. But in males, there were no significant differences in blood pressure among ACE genotypes.
Discussion
This is the first report to examine the association between ACE genotype and hypertension in a Tibetan population, and we found the frequencies of the D and I alleles of the ACE gene were similar: to those previously reported in Japanese populations. In the present study, we also observed an association between hypertension and I/D polymorphism of the ACE gene in Tibetan females.
On the other hand, a previous study demonstrated that the DD genotype of the ACE gene was associated with increased risk of cardiovascular diseases such as myocardial infarction (7) and ischemic or idiopathic dilated cardiomyopathy (8) . And although the results of studies on the association between the I/D polymorphism and hypertension are controversial (9-12), this polymorphism has been shown to account for half of the variance in serum ACE levels (1). Recently, three large population-based studies (2-4) have shown a linkage between the ACE locus and hypertension, as well as an association and genetic linkage between the ACE I/D polymorphism and hypertension. Because essential hypertension is a complex trait affected by many factors, the discrepancy between the previous reports and these three recent studies is likely due to the heterogeneity in the backgrounds of the subjects studied. Accordingly, it will be necessary to reconfirm the association between ACE I/D polymorphism and hypertension in an isolated and homogeneous population.
Tibetans in the Tibet autonomous region constitute a relatively isolated and genetically homogeneous population. The 1997-1998 study on which the present investigation was based reported a 22% rate of prevalence of hypertension in this Tibetan population. The present work was based on a door-to-door cross-sectional study performed at stable residential communities in the urban district of Lhasa. All enrolled subjects were permanent Tibetan residents of Lhasa city, which has an altitude of 3,700 m above sea level. Because none of the subjects had any history of intermarriage with other ethnic groups in their family trees, the group was genetically homogenous. All subjects were selected randomly in order to avoid, as much as possible, the selection bias inherent in case-control studies. All study subjects were selected from a population-based cross section study and divided into case or control groups using blood-pressure cutoff points, and no subjects had any history of taking antihypertensive agents, so that the blood pressure levels could be compared with respect to ACE genotype. Our results demonstrated that the ACE DD genotype was associated with hypertension in females, and that SBP, DBP and MAP also increased with the increasing number of D alleles in females. These findings strongly support the earlier reports of sex-specific differences in hypertension (2-4), but these earlier studies found an association between ACE DD and hypertension in men, not in women. The mechanism of the sex-specificity of association with hypertension still remains unknown. The mechanism of the sex-specificity of the association between ACE gene polymorphism and hypertension remains unknown. But most earlier restudies were performed under normoxic conditions, and there have been few studies performed under hypoxic conditions. In a recent study (13) performed on Tibetan and Han populations there was no significant difference in the genotype or allele frequencies of the A-6G variant of the angiotensinogen gene between normotensives and hypertensives in either the Tibetan or Han populations, but after stratification by sex, the G allele of the A-6G variant was associated with hypertension in Tibetan females, but not in Han females. One other study (14) on four different ethnic Chinese populations also showed that the mean blood pressure and prevalence rates of hypertension were significantly different among Han, Uygur, Kazak and Tibetan subjects, and concluded that these differences were associated with cultural and environmental differences. All these paradoxical results in Tibetan populations may be related to chronic hypoxic environment exposure. YU et al. (15) reported that hypertensives had a diminished ventilatory response and impaired β-adrenergic response under hypoxia. We think it is possible that there are different responses, including gene-expression responses, to chronic hypoxia between the sexes. Animal models of pulmonary hypertension due to chronic and non-chronic hypoxia (16, 17) have shown that sex influences the induction of cell-specific changes in gene expression in vascular wall cells, but further research into the relationship between hypoxia and hypertension in humans will be needed.
The present study found that the D allele of the ACE gene was associated with hypertension in Tibetan females. Our results suggest that ACE I/D polymorphism may have different effects in groups of different ethnicity or different environmental exposure status.
In conclusion, we found an association between hypertension and I/D polymorphism of the ACE gene in Tibetan females but not in males. It is very important to conduct further studies in a large population and in groups with different environmental exposure status.
